Half F 2 diallel crosses of spring rapeseed (Brassica napus L.) varieties along with their parents were evaluated for plant height, first siliqua height, siliquae on main axis, siliquae per plant, 1000-seed weight and seed yield. The Analysis of variance based on Cockerham's method revealed significant mean squares of general combining ability (GCA), specific combining ability (SCA) for all the traits indicating that both additive and non-additive genetic effects were involved in controlling these traits. Parent vs crosses mean square which is indicating average heterosis was significant for all the traits. In Hayman's method the regression lines estimated for all the traits except plant height cut the Wr axis below the origin in the negative zone, suggesting the overdominance type of gene action for these traits except plant height. Based on the array points on the regression lines, 19H had maximum dominant genes for siliquae on main axis, siliquae per plant 1000-seed weight and seed yield, being closest to the origin, while Option500 possessed recessive genes for first siliqua height, siliquae per plant and 1000-seed weight, as evidenced by its distant position from the origin. Due to low narrow-sense heritability estimates for most of the traits, selection for improving these traits should be carried out in delayed segregating generations.
INTRODUCTION
Due to autumn cultivation of rapeseed (Brassica napus L.) in Iran it needs low irrigation, therefore, it has major role in producing self sufficiency in edible oil. Hence, it is necessary to develop the new ideotype varieties based on cross breeding methods with high yield components and seed yield (Rameeh, 2011) . Major difficulties involved in yield-DOI 10.2478/v10129-011-0070-6 improvement programs are the accurate selection of parents from which to generate superior breeding combinations, and the selection of high-yielding genotypes from early-segregating generations (Thurling, 1991) . The knowledge of genetic control of agronomic traits is very important for plant breeders to formulate proper breeding strategy for improvement new oilseed brassica varieties. Diallel analyses (Hayman, 1954a,b; Jinks, 1954; Griffing, 1956; Cockerham, 1963 ) are commonly used as technique to understand mode of inheritance of a character and also provide information on the nature and amount of genetic parameters. Singh and Chaudhry. (2004) stated that heritability of a trait approaches its maximum in successive generations following hybridization. In addition, the presence of additive gene effects for a trait indicates that selection could be successful for the trait (Kearsey and Pooni, 1996) . Estimation of genetic constitution of parents for seed yield and its components can be important for indirect selection for high seed yield in rapeseed (Downeyand Rimer, 1993; Nassimi et al., 2006; Singh et al., 2010; Teklewold and Becker, 2005; Yadav et al., 2005) . Although combining ability studies in oilseed Brassica spp. are scanty, most of these studies emphasized the preponderance effect of general combining ability (GCA) for yield and its components indicating the importance of additive gene action (Brandle and McVetty, 1989; McGee and Brown, 1995; Woś et al., 1999) . On the other hand, Pandey et al. (1999) reviewed evidences for the presence of significant specific combining ability (SCA) effects for yield and yield associated traits. Ramsay et al., (1994) reported that variation for both GCA and SCA were responsible for dry matter yield and other quantitative traits in B. napus. Significant GCA and SCA effects were reported for siliquae per main raceme, siliquae per plant, siliqua length, number of seeds per siliqua, 1000-seed weight and seed yield in B. napus (Leon, 1991; Singh and Murty, 1980; Thakur and Sagwal, 1997) , but in other study (Singh et al., 1995) the importance of additive genetic effects for siliquae per plant and 1000-seed weight was emphasized. Singh and Yadav (1980) and Thakur and Sagwal (1997) while examining the genetic control of seed yield in rapeseed found both additive and non-additive gene effects to be involved. Khan and Khan (2005) performed a complete diallel cross analysis in rapeseed according to Hayman (1954b) and Jinks (1954) . Vr/Wr graphs indicated that seeds per siliqua, 1000-seed weight and seed yield were controlled by overdominance type of gene action, while siliquae per plant was controlled by additive gene action. Magnitude of narrowsense heritability was very low for number of seeds per siliqua indicating delaying selection will be more efficient for this trait. Number of siliquae per plant, 1000-seed weight and seed yield per plot had moderate narrowsense heritability. Shen et al. (2005) accomplished genetic analysis for rapeseed genotypes in which F1 hybrids exhibited significant differences in seed and oil yields per plant among F1s and their parents. In this research, although yield heterosis was affected by both additive and non-additive genetic effects, but additive genetic effects were more important for oil content. The KD/KR ratio also revealed excess of dominant alleles in the parents for all the characters, indicating that the parents were diverse and from different populations. Mahmud et al. (2009) reported that non-additive genetic effects were more important in the inheritance of yield and its related traits including plant height, number of siliqua per plant, 1000-seed weight and seed yield per plant in rapeseed.
Due to different estimations of the genetic components for the traits based on application of different and divers genetic materials, the objective of the present study was to estimate genetic parameters for plant height, seed yield and its components in six rapeseed breeding lines to be used in open pollinated and hybrid varieties development programs.
MATERIALS AND METHODS
The material under study consisted of six cultivars including RGS-003, Option500, RW008911, RAS-3/99, 19H and PF7045/91 which were selected based on their different agronomic characters (Table 1) . These genotypes were crossed in half diallel method during 2004-05. In order to produce F 2 progenies, fifteen F 1 s were selfed at Biekol Agriculture Research Station, located in Neka, Iran (53° 13 ′ E longitude and 36° 34 ′ N latitude, 15 m above sea level) during winter 2005-06. F 2 progenies along with 6 parents were grown in a randomized complete block design with four replications during 2006-07. The plots consisted of four rows 5 m long and 40 cm apart. The distance between plants on each row was 5 cm resulting in approximately 400 plants per plot, which were sufficient for F 2 genetic analysis. Crop management factors like land preparation, crop rotation, fertilizer, and weed control were followed as recommended for local area. All the plant protection measures were adopted to make the crop free from insects. Plant height, first siliqua height, siliquae per main axis and siliquae per plant were recorded based on 20 randomly plants of each plot. Seed yield (adjusted to kg × ha -1 ) was recorded based on two middle rows of each plot. The combining ability analysis was performed using mean values their F 2 generation along with parents by using Cockerham (1963) method. To determine the adequacy of the additive dominance model, and to assess the validity of some of the assumptions underlying the model, preliminary analysis of the data were done following Hayman (1954a,b) and Jinks (1954) . From the data set of P parents with means of parents (m lo ) and means of P 2 offsprings (m lI ), variance of components of each array (V r ),the mean of variance of components of each array (V´r), variance components of array means (V r´) , the covariance of the parents with their offspring in each array (Wr), the mean of covariance of the parents with their offspring in each array (W´r) and the variance of parental means (V0L0 = Vp) were calculated. Some of equations related to additive-dominance model with environmental variance (E) are as follow:
The components under the simple additive-dominance model are: D, the component of variation due to additive effects of the genes; H 1 and H 2 the component of variation due to dominance effects of the genes; h is the direction of dominance effects whether it is toward positive or negative; F, provides an estimate of the relative frequency of dominant to recessive alleles in the parents, and variation in dominance over the loci. These estimates were obtained by removing the environmental component (Mather & Jinks, 1982) . For F 2 data, these parameters resemble to F 1 data with small modifications due to reduced heterozygosity (Jinks, 1956) . Non significant of t value for Wr-Vr indicates its uniformity and therefore validity of genetic hypotheses. The second test for the adequacy of the additive-dominance model is regression coefficient analysis. Failure of this test indicating that: (1) non-allelic interaction (epistasis) is present; (2) genes are not independent in their action, or (3) there is non-random association among parents. All the analyses were performed using Dial98, MSExcel and SAS version9 softwares (Zhang and Kang1997). Diallel analysis based on Cockerham's method (1963) for the traits including plant height, first siliqua height, siliquae on main axis, siliquae per plant, 1000-seed weight and seed yield is presented in Table 2 . Significant mean square of the genotypes for all the traits indicating genetic differences among the genotypes and it be confirmed for the parents and their F 2 crosses regard to significant mean squares of the parents and crosses, respectively. Therefore, the Hayman's model could be used for genetic analysis of these traits. Significant mean squares of general and specific combining ability estimates (GCA and SCA, respectively) were detected for all the traits indicating the importance of additive and non-additive genetic effects for controlling these traits. Similarly, Ramsay et al., (1994) reported that variation for both GCA and SCA were responsible for yield and other quantitative traits in B. napus. Significant GCA and SCA effects were also reported for siliquae per main raceme, siliquae per plant, siliqua length, number of seeds per siliqua, 1000-seed weight and seed yield in B. napus (Leon, 1991; Singh and Murty, 1980; Thakur and Sagwal, 1997) , but in other study (Singh et al., 1995) the importance of additive genetic effects for siliquae per plant and 1000-seed weight was emphasized. Parent vs crosses mean square which is indicating average heterosis was significant for all the traits. Shen et al. (2005) were reported the importance of additive and non-additive genetic effects yield and yield associated heterosis in rapeseed. Table 2 Diallel analysis (Cockerham, 1963 ) of plant height ,yield components and seed yield.
* and **: Significant at the 5% and 1% levels of probability, respectively
The remaining three assumptions i.e. no multiple allelism, absence of non allelic interaction and independent distribution of genes among the parents were observed through two tests i. the traits except seeds per siliqua therefore the model was considered completely adequate for these traits except seeds per siliqua for which one test only validated indicating the model was partially adequate (Table 3 ). Significant value of additive component (D) which is indicating the importance of additive genetic effect was detected for all the traits except siliquae per plant and seed yield (Table 4) . Dominance components (H 1 and H 2 ) were significant for all the traits except plant height for which only H 1 was significant. This result was also supported by the result of Cockerham's method (1963) with significant GCA and SCA mean squares for all the traits. The positive value of H 1 -H 2 for all the traits indicating un quality of frequency of the alleles with significant positive and negative effects among the parents for controlling these traits. The value of (H 1 /D) 0.5 was exhibited more than unity for all the traits which indicating the control of over dominance gene actions for these traits. H 2 /4H 1 was less than 0.25 for all the traits except seed yield denoted asymmetry at loci showing dominance which evidenced the asymmetrical distribution of genes as assumed in Hayman's analysis of variance for the traits except seed yield. Non deviation of H 2 /4H 1 for seed yield indicating symmetrical distribution of genes with positive and negative effects among the parents for this trait. The overall dominance effect was determined by h 2 estimates, which gave the total sum over all the loci in a heterozygous state was significant for first siliqua height, siliquae per plant and seed yield. The proportion KD/KR of all the traits were greater than unity indicated the excess of dominant genes than recessive ones among the parents. The h 2 /H 2 ratio denotes an approximate number of genes or groups of genes controlling the traits, i.e., exhibiting dominance, and was more than one for first siliqua height and siliquae on main axis. Similar nature of gene action for yield associated traits had been reported in rapeseed by Satija et al. (2001) , and Singh et al. (1995) . Straight forward selection from the segregating population of the characters does not seem to be possible, the genetic variation existed in these traits could be improved successfully following reciprocal recurrent selection. Furthermore these traits in which over dominance was involved may advantageously to be utilized by the breeders to develop hybrid, as suggested by Khan et al. (2005) . However, before deriving some conclusive inferences, this information must be substantiated.
Broad-sense heritability estimate ranged from 0.95 to 0.71 related to first siliqua height and seed yield, respectively. This implied that a high estimate of genetic variance and a low estimate of environmental variance for these traits in rapeseed genotypes. First siliqua height, 1000-seed weight and plant height with 0.95, 0.89 and 0.82 broad-sense heritability, respectively were less affected by environment than the other traits. Narrow-sense heritability estimate was varied from 0.33 to 0.05 related to first siliqua height and 1000-seed weight, respectively. Table 3 Uniformity of Vr-Wr and regression coefficient test for different traits of diallel crosses of rapeseed * and **: Significant at the 5% and 1% levels of probability, respectively The scatter of array points along the regression line for different characteristics suggested the existence of genetic diversity in the parental material meaning thereby that sufficient variation is present in the plant material which could be explored by following an suitable breeding program. The distribution of parents along the regression line of Wr on Vr for all the traits are presented in Fig. 1 closer to the origin possess more dominant alleles and those farther from the origin contain more recessive alleles for the respective traits. For plant height, the graphical presentation (Fig.1) exhibited that regression line passed above the point of origin depicting partial dominance type of gene action. The distribution of array points on regression line revealed the concentration of dominant genes in the parent PF7045/91 and while the parent RGS003 possessed maximum recessive genes. Due to high amount of plant height was related to RGS003 (Table 5 ), therefore recessive genes had more important role in controlling plant height for these genotypes.
The regression line for first siliqua height cut the Wr axis below the origin in the negative zone, suggesting the overdominance type of gene action (Fig. 2) ; this is also supported by the greater than unity (H1/D) 0.5 ratio ( Table 4 ). The distribution of array points along the regression line indicated that RW008911 and RGS003, being closest to the origin, contain maximum dominant genes, while Option500, being farthest from the origin, had maximum recessive genes.
For siliquae on main axis, the regression line passed the Wr axis below the origin, indicating over-dominance gene action (Fig. 3) , which is evidenced by the greater than unity (H1/D) 0.5 ratio (Table 4) . Based on the array points on the regression line, 19H had maximum dominant genes, being closest to the origin, while RW008911 possessed recessive genes, as evidenced by its distant position from the origin. The means performance of 19H and RW008911 for this trait were 46.33 and 33.10, respectively, therefore it seems that high amount of siliquae on main axis was more affected by recessive genes.
Over dominance was noted for siliquae per plant as regression line intercepted Wr axis below the point of origin (Fig. 4) , which is evidenced by the greater than unity (H1/D) 0.5 ratio (Table 4 ). The parents 19H and RGS003 being closer to the origin contained maximum dominant genes and the parents PF7045/91 and Option500 possessed maximum recessive genes as they were farther from the origin.
The results of graphic analysis for 1000-seed weight (Fig. 5) showed that the intercept of regression line on Wr axis was negative suggesting the presence of over dominance type of gene action. The parents RAS3/99 and 19H being closer to the origin possessed maximum dominant genes and the parent Option500 being farther from the origin possessed maximum recessive genes for the trait. The parents RAS3/99 and 19H with means of 4 and 4.25 g had high amount of this trait, therefore high amount of 1000-seed weight was controlled by dominance genes in rapeseed.
For seed yield, the regression line passed the Wr axis below the origin, indicating overdominance gene action (Fig. 6) , which is evidenced by the greater than unity (H1/D) 0.5 ratio (Table 4) . Based on the array points on the regression line, 19H and RGS003 had maximum dominant genes, being closest to the origin, while RW008911 possessed recessive genes, as evidenced by its distant position from the origin. The means performance of 19H and RW008911 for this trait were 2447.92 and 2505.83 kg × ha -1 , respectively. Khan et al. (2005) and Amiri-Oghana et al. (2009) have also reported a similar type of gene action for seed yield. 
CONCLUSION
Significant dominance components (H1 and H2) for all the traits except plant height for which only H 1 indicated the importance of non additive genetic effects for all the traits. This result was also supported by significant GCA and SCA mean squares for all the traits in Cockerham's method. The value of (H1/D) 0.5 was exhibited more than unity for all the traits which indicating the control of over dominance gene actions for these traits and this type of gene action caused significant average heterosis which was detected by Cockerham's method. Due to low narrow-sense heritability estimates for most of the traits, selection for improving these traits should be carried out in delayed segregating generations. Based on the array points on the regression lines, 19H had maximum dominant genes for siliquae on main axis, siliquae per plant 1000-seed weight and seed yield, being closest to the origin, while Option500 possessed recessive genes for first siliqua height, siliquae per plant and 1000-seed weight, as evidenced by its distant position from the origin.
